The assessment of the applicability and suitability of potential measures and instruments is crucial in the strategic planning of water resources management. This paper presents a methodology founded on scenario analysis for assessing potentially applicable water management options in a regional context with respect to their efficiency, extent of application, cost and environmental impact.
INTRODUCTION
Decision-making processes associated with water resource allocation and planning are complex, requiring multidisciplinary information for evaluating their effects on a social, economic and environmental level [1] . In the context of the EU Water Framework Directive, such a systematic evaluation of water management interventions should be performed for long planning horizon, simulating long-run accumulative effects and anticipating potential future changes and uncertainties. Sectoral approaches to water management issues are still dominant [2, 3] . However, analysis of the potential effects of water management options and strategies, in relation to the need for combining regional economic growth and environmental sustainability goals, can only be achieved through complex, integrated modelling and simulation of future alternatives [2, 4, 5] .
The main objectives of scenario analysis undertaken in the present work were to determine the options effective in meeting set strategic targets, and estimate their potential extent of application, cost and environmental impact. Under this context, the analysis process is based on the concept of a "comprehensive scenario". Comprehensive scenarios consist of a hydrological (availability) and a demand scenario, which represent alternative future developments not directly affected by the decision-making process. As these are not cover the issue of supply and demand-side interventions, a third component is introduced, which reflects a selected management option to be evaluated in the examined case.
These scenarios were evaluated using a prototype GIS-Decision Support System (WSM DSS) developed for assisting in regional, strategic planning in the context of the economic principles and environmental sustainability objectives outlined in the WFD. The DSS emphasizes on the water stress problems and social conflicts arising in arid and semi-arid regions. The system is currently being applied to river basins and administrative regions in Greece, Italy, Cyprus, Portugal, Israel and Spain; however it can easily be extended to work with other regions [7] . The next paragraphs briefly describe the WSM DSS, and the approach is demonstrated through an exemplary application in a typical Greek island, Paros.
DECISION SUPPORT SYSTEM OVERVIEW
The developed (prototype) DSS evolves around the DPSIR context [6] and uses the concept of a water management scheme (WMS), defined as a set of scenarios for Driver variables (such as rainfall patterns and population growth) and the application of one or more water management interventions or instruments (Responses) in a suitable time frame.
The concept of the prototype DSS is based on the estimation of Pressures from the consecutive computation of future demand and availability time series and the forecast of the State of the water system through the simulation of water management strategies or single interventions. Then those can be compared, and the decision maker or the analyst can formulate responses to mitigate water stress impacts with respect to their objectives, economic or environmental. For this purpose, different models have been incorporated for estimating water availability, demand, allocation of available resources to different uses, and most importantly estimation of financial, environmental and resource costs. The latter are allocated to the particular water uses in accordance with the "polluter-pays" principle.
Water resource systems are modelled on the basis of geometric networks. A geometric network is described as a set of junctions (points) and edges (polylines) that are topologically connected to each other. In the Object Model junction elements are conceptualized as water nodes while the connections between them are the water links. Water nodes are classified into three categories, (a) supply nodes standing for alternative water supply sources and characterized by the monthly available supply, (b) demand nodes modelling water uses and flow requirements and, (c) transhipment nodes standing for treatment plants and generic network junctions. Water link objects are classified in four categories according to the connectivity rules of the system and the particular modelling requirements of the DSS, (a) supply links (pipelines and canals) conveying water from supply sources to demand nodes, (b) groundwater interaction links (recharge and discharge), representing the natural interaction between surface and groundwater bodies, (c) return flow links, conveying return flows from consumptive demand uses to receptor bodies (surface or groundwater) or wastewater treatment plants, and (d) river links, representing the natural course of a river water body.
Water allocation and modelling of water management options
Economic optimization models, aiming to maximize the social water surplus require the monetary valuation of environmental impacts, societal objectives, developmental priorities and property rights, which in most cases is subject to many constraints and limits the applicability of a tool. The WSM DSS simulation model for water allocation minimizes water shortage under limited water supplies [8] . In situations of water shortage, distributing the water available from the various supply sources to the connected uses creates conflicts. The allocation model solves this problem using two user-defined priority rules. First, competing demand sites are treated according to specified priorities. Those can express social preference or constraints, economic preference (prioritization to activities with highest economic values), or a system of water rights. In case that a particular use can be supplied by more than one resource, supply priorities are used to rank the choices for obtaining water. Supply priorities express cost preference; quality preference of uses (e.g. domestic or industrial use) for supply sources with high water quality; need for the protection of resources and the formation of strategic reserves. An additional characteristic of the DSS is that it predefines a number of "abstract" water management measures and instruments (actions) and incorporates them as methods into the system. These actions (Table 1 ) modify accordingly the properties of the water system objects or introduce new ones, to respond to water infrastructure development. An "abstract" action becomes "application specific" by the user-definition of its magnitude, time horizon and geographic domain. Incorporated actions are mainly focused on options to deal with the frequent water shortages occurring in arid regions. Their main aim is to either enhance supply, mostly through structural interventions, or to regulate demand through the promotion of conservation measures, technological adjustments, or to consider pricing policies for achieving adequate recovery of costs and provide incentives for conservation.
Evaluation and Economic Analysis
Evaluation of alternative schemes takes into account the entire simulation horizon. Indicators are computed on three levels and are aggregated to an overall index using a bottom-up approach. On a first level, indicators are derived from the simulation results and computed for each component of the water resource system. On a second level these are spatially aggregated for the entire region (Table 2) , to describe the overall behaviour in terms of environmental, efficiency, and economic objectives. Then, second-level indicators are temporally aggregated on the basis of statistical criteria for reliability, resilience and vulnerability [9, 10] . The statistical criteria express the behaviour of the monthly or yearly time series of each indicator with respect to a predefined range of satisfactory values that the indicator can assume. Reliability is defined as the probability that any particular indicator value will be within the range of values considered satisfactory. Resilience describes the speed of recovery from an unsatisfactory condition. Vulnerability statistical criteria measure the extent and the duration of unsatisfactory values. Performance for each indicator is computed as the product of the above criteria, and the relative sustainability index of each WMS is estimated according to multicriteria analysis, as the weighted sum of the performance of the selected indicators. This relative index can be used to rank alternative strategies or modelled actions according to the objectives of the undertaken analysis.
The evaluation can also be performed through economic analysis, based on the computation of financial, environmental and resource costs. Estimation of financial costs is rather straightforward, depending on data entered for the amortization of capital investments, specific energy consumption and cost, and other operation and maintenance costs associated with each part of the infrastructure [11] . Environmental costs are assessed using a practical model based on the concept of cost valuation
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(approximation of environmental costs through the measures required to prevent/mitigate environmental damage or achieve good status). Resource costs in the current assessment are approximated by the scarcity rent. The scarcity rent of water, (i.e. the rent per unit of a scarce resource -water in this case) is a surplus, the difference between the opportunity cost of water (equal to the market equilibrium price P) and the per unit (marginal) direct costs (such as abstraction, treatment and conveyance) of turning that natural resource into relevant products.
APPLICATION OF THE DSS IN THE CASE OF PAROS ISLAND, GREECE
The island of Paros, with an area of 196 km² is one of the most popular tourist destinations in the Cycladic Complex in Greece. The island has a registered permanent population of 12,800 that is increased by as much as 300% during the summer months. The rapid development of the tourist industry in the last 30 years made the creation of new infrastructure necessary to cover the ever-increasing needs of the visitors and the lodging owners. The little-by-little infrastructure development took place without proper planning and control, leading to the current economic and environmental problems. The water demand growth of the last decades has been addressed mostly with extensive water drillings, both public and private, to supply the domestic and agricultural sectors.
Paros is a typical case where the water shortage occurs on a seasonal basis. Tourism and irrigation demand reach their peak during the summer, creating conflicts between uses and problems with water supply adequacy during peak consumption. Domestic needs in the year 2004 are estimated at approximately 1.96 hm 3 . Irrigation demand is estimated at approximately 2.5 hm 3 . In a "business as usual" scenario domestic demand is estimated at 2.5 hm 3 in 2020 and 2.9 hm 3 in 2030, resulting in a total deficit (under average hydrology conditions) of 1.36 hm 3 . This analysis focuses on three interventions proposed by the local Water Utility, network unifications, desalination, and increase of water prices in order to achieve adequate cost recovery. The behaviour of the system under each option was assessed under the three baseline scenarios, incorporating also scheduled interventions. These are: (i) a combination of high demand and high frequency of dry years (BAU+HD), reflecting the worst scenario of shortage; (ii) a combination of reduced demand with a high frequency of wet years (LD+HW), reflecting the best case scenario; and (iii) a combination of high demand with a series of average years (BAU+Normal), to reflect the current trends of the system in a "business as usual" context. A specific set of indicators was selected, considered as representative of the management issues experienced in the region. Those are (a) Effectiveness vs. time for agricultural and domestic use, (b) Total direct cost associated with the provision of water services and the application of the different options, (c) Total environmental cost, incurred from pollution and (over)exploitation of groundwater resources.
Intervention 1: Network Unifications
The water supply network of Paros is highly fragmented, due to the past administrational structures governing the water supply. As a result, there are a number of separate water supply networks that are each supplied by local resources. A more equitable allocation of resources can be achieved through network unifications. Under average availability conditions, the measure can lead to an increase in domestic demand coverage, an effect that is more pronounced under increased precipitation (Figure 1a) . The effect becomes smaller as demand increases, because larger water quantities are required for satisfying local needs before water transfer, and no additional water supply sources have been introduced in the system. Overall the option is not very expensive, since the unifications
proposed are between neighbouring municipal departments and construction costs, according to the local Water Utility, are low. Additional financial cost is incurred from the augmentation of water distributed (pumping requirements) but under any scenario this increase does not exceed 2% of the respective reference scenario present value ( Figure  1b) . The increase of costs under the LD+HW scenario is much lower, since expensive connections between distant municipal departments are not required. 
Intervention 2: Desalination
Desalination is the structural solution that performs the best among all examined. Due to the design targets, domestic demand coverage does not fall below 95% with the exception of a dry period (BAU+HD scenario- Figure 2a) . The domestic deficit improvement with respect to each reference scenario is subject to the high hydrological variations; improvements are lower under the LD+HW scenario where due to high water availability and decreasing demand trends, the domestic deficit is lower. Despite the observed improvement and the recent technological advances, which lower energy consumption and costs, desalination remains a very expensive solution. In all cases an at least 30% increase of costs is anticipated if a strategy shall predominantly rely on desalination (Figure 2b) . A combination of the option with other, mostly non-structural solutions should therefore be preferred in an effort to limit the required capacity, and avoid incurring very high additional costs to consumers. increase would have on demand a small elasticity of -0.2 was assumed for residential and tourist consumption. The pricing scheme that was examined was a gradual increase (every two years) of average prices from 1.6 €/m 3 to 2.5 €/m 3 . The significant domestic demand decrease, due to the rather high augmentation of prices directly affects domestic demand coverage effectiveness (Figure 3a) . Especially under the LD+HW scenario, effectiveness after 2007 is stabilised above 90%. Similarly, irrigation deficits are reduced, reaching almost a 10% relative improvement under the BAU+Normal and LD+HW scenario. Consequently, the reduction of supply delivered to domestic use incurs a financial cost decrease, which can reach even the 13% of the present value of the corresponding reference case. Total environmental costs present a small decrease, since in some aquifers unsustainable groundwater abstractions are reduced. The most effective combination of measures is selected according to their performance. Results for the three baseline scenarios were combined and normalized in a scale from 0 to 5 in order to obtain a preliminary ranking. The obtained matrix, in numerical and normalised is presented in Table 3 . The reference case presented in the matrix refers to the combined average results from the three reference scenarios, while the relative sustainability index for demand coverage includes the equally weighted performance for domestic and agricultural use. 
